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1 INTRODUCTION 

This chapter provides a summary of the results of the freshwater water quality assessment undertaken by frc 

environmental (Volume 5, Appendix 12), and the floodplain hydrology assessment undertaken and Water 

Technology (Volume 5, Appendix 11), for the Project Sea Dragon Stage 1 Legune Grow-out Facility (the Project 

or Project Area). It describes the existing environment of Legune Station in regard to surface water features, 

including floodplain hydrology and water quality. It presents the potential and likely impacts of the Project on 

floodplain hydrology and water quality, and describes opportunities for impact mitigation and monitoring.  

1.1 ENVIRONMENTAL OBJECTIVES 

In accordance with Section 4.4.1 of the Project's Terms of Reference for the Preparation of an Environmental 

Impact Statement (ToR) the environmental objectives relevant to freshwater are: 

 To ensure surface water and groundwater resources are protected both now and in the future, such that 

the ecological health and land uses, and the health, welfare and amenity of people are maintained.  

1.2 TERMS OF REFERENCE ADDRESSED IN THIS CHAPTER 

The ToR addressed in this chapter, and the relevant sections in which they are addressed, are presented below 

in Table 1.  

TABLE 1 TERMS OF REFERENCE 

Section Terms of Reference Chapter Section 

3.1 Existing Environment - Physical and Biological  

 Existing aspects to be discussed must include: 

 surface water features in and adjacent to the proposed action, including: 

 major and minor rivers and drainage lines (permanent and 

ephemeral) 

 catchment boundaries and sizes 

 surface water flow directions 

 water reservoirs (natural and artificial) 

 wetlands 

 areas of periodic inundation 

 beneficial uses.  

 hydrodynamics of the receiving waters for waste discharge, including local 

tides and current patterns 

Section 3 

4.4.2 Water - Assessment of Risks  

 The EIS should include an assessment of risks to surface water (fresh) at an 

appropriate spatial scale as a result of the Project. In particular, the EIS should 

identify and assess the risks: 

Section 4 

  to existing surface quality and quantity, with specific reference to the 

Project components 
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Section Terms of Reference Chapter Section 

  of planned discharges, and potential uncontrolled release or passive 

discharge of contaminants, such as hydrocarbons or nutrients, or 

pathogens to surface water 

  associated with the new infrastructure or disturbance of soils altering the 

hydrology and rates of erosion and sedimentation of waterways 

  of any additional impacts to surface water resulting from the Project given 

the large volumes of both seawater and fresh water that will be required 

for the life of the Project.  

4. 4. 3 Water  - Mitigation  

 The EIS should contain management plans (such as a water management plan, 

acid sulfate soil management plan and erosion and sediment control plan 

(ESCP)) prepared by suitably qualified and experienced professionals in 

accordance with appropriate guidelines that clearly outline objectives and 

measures to mitigate likely impacts of the Project on terrestrial, marine and 

freshwater systems. All mitigation measures in the plan(s) should be 

adequately detailed to demonstrate best practice management and that 

environmental values of receiving waters will be maintained. The plan must 

include but not be limited to measures that: 

Summarised for 

freshwater in 

Section 5 

 

Environmental 

Management Plan 

is available in 

Volume 4, 

Chapter 3 

  minimise contamination of marine and fresh water systems, and 

groundwater 

  ensure the protection and resilience of water dependent ecosystems 

  avoid the exposure of sensitive biological receptors to pathogens, 

contaminants or poor quality water 

  treat and manage domestic wastewater and sewage 

  ensure the extraction, use and discharge/disposal of water is consistent 

with relevant legislation, including the Water Act, Fisheries Act and Waste 

Management and Pollution Control Act (WMPC Act) 

  account for times of intense and prolonged rainfall, extreme 

meteorological conditions, such as 100 year ARI storm events, cyclones and 

storm surges, and the predicted impacts of climate change.  

 Measures for the management of water should include options for minimising 

water use, managing storm water including overflows from production and 

treatment ponds, treatment of contaminated and hypersaline water, spill 

containment and management, and management of nutrients prior to waste 

water discharge (to prevent dissolved oxygen depletion, eutrophication, etc. in 

the receiving environment).  

 An ESCP for construction and operation should be prepared by a suitably 

qualified and experienced professional in erosion and sediment control 

planning. Further information relating to erosion and sediment control can be 

found at www. austieca. com. au and on the Department of Land Resource 

http://www.austieca.com.au/
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Section Terms of Reference Chapter Section 

Management website at: http://lrm. nt. gov. au/soil/management.  

4.4.4 Water - Monitoring  

 The management plan(s) should outline details of monitoring programs that 

would be implemented throughout the life of the Project to determine the 

effectiveness of the mitigation measures. The monitoring programs should 

identify objectives, clear thresholds and contingency measures should 

construction and operational activities affect water. Monitoring programs 

should be capable of detecting change in a statistically robust manner.  

Summarised for 

freshwater in 

Section 5 

 

Environmental 

Management Plan 

is available in 

Volume 4, 

Chapter 3 

 Provisions to notify and respond to environmental and human health risks 

associated with water quality, or other water related emergencies, should be 

discussed and provided in the EIS.  

 Where interpretation of the monitoring data or other observations has 

detected the potential for or actual adverse trends in performance or impacts, 

detail the remedial/corrective strategies and actions that would likely be 

implemented. Include scopes of work where appropriate together with a 

commitment to an implementation timetable and any modifications to the 

monitoring program required in order to assess the performance of the actions.  

 Proposed mitigation and monitoring measures must be incorporated in 

relevant sections of the EMP (Section 6).  

Environmental 

Management Plan 

is available in 

Volume 4, 

Chapter 3 

1.3 REGULATORY REQUIREMENTS, STANDARDS AND AGREEMENTS 

The regulatory requirements relevant to this chapter are discussed in Sections 1.3.1 to 1.3.9 and in further 

detail in Approvals, Conditions and Agreements chapter located in Volume 1, Chapter 4.  

1.3.1 Dangerous Goods Act 1998  

The Northern Territory (NT) Dangerous Goods Act relates to the storage, handling and transport of dangerous 

goods on the project site. Relevant to the Project in terms of managing hazardous substances, to avoid spills to 

freshwater environments and in freshwater flows through to estuarine and marine environments.  

1.3.2 Food Act 2005  

The NT Food Act 2005 is the key piece of legislation for food businesses in the Northern Territory and is 

administered by the Department of Health. It is part of the uniform legislation governing food safety across 

Australia. The objects of this legislation include: 

 ensuring that food for sale is both safe and suitable for human consumption 

 preventing misleading conduct in connection with the sale of food, and 

 providing for the application of the Food Standards Code in the Northern Territory.  

All food preparation at construction and accommodation camps will be required to conform to this Act, and 

food safety standards. Registration of a food business (including accommodation camp food preparation area) 

http://lrm.nt.gov.au/soil/management
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is required, which includes the provision of safe potable water. Water quality testing results are required to be 

provided with food business registration and renewal.  

1.3.3 Public and Environmental Health Act  

The NT Public and Environmental Health Act and associated regulations create a framework for the regulation 

of particular activities to protect public health in the NT. The Act and regulations is administered by the NT 

Department of Health.  

Accommodation facilities including food preparation facilities and potable water sources for the Project will be 

required to comply with the Public and Environmental Health Act. A waste water works design approval will 

also be required to be obtained from the Department of Health for the disposal of waste water from the 

accommodation village.  

Chemicals may also be considered to be a risk to public health or environmental health under the Act.  

1.3.4 Waste Management and Pollution Control Act 1998 

The purpose of the NT Waste Management and Pollution Control Act 1998 is to protect the environment 

through the encouragement of effective waste management and pollution prevention and control practices. It 

facilitates the implementation of national environment protection measures made under the National 

Environment Protection Council (Northern Territory) Act 1999, and incorporates environmental compliance 

plans and audits.  

An environment protection approval will be required for the construction phase of the Project, related to the 

proposed landfill, and an environment protection licence may be required for the operational phase. Waste 

management controls and response procedures for potential environmental incidents will be developed for the 

Project in the Environmental Management Plans.  

1.3.5 Water Act 1992 

The NT Water Act 1992 provides for the investigation, allocation, use, control, protection and management of 

NT’s surface water and groundwater resources. The regulatory functions of the Water Act cover: 

 the discharge of waste to water   

 the extraction of water from surface water sources 

 the drilling and abstraction of groundwater from bores 

 construction or alteration works undertaken within a waterway (i. e. dam construction and/or roadworks).  

1.3.6 Water Supply and Sewerage Services Act 

The NT Water Supply and Sewerage Act provides for the protection of the NT's water supply system or any 

water source from which water is drawn for human consumption. Any abstraction or diversion of water from 

the NT supply system must not be undertaken unless authorised by the appropriate authorities: 

 Department of Treasury and Finance for the Water Supply and Sewerage Services Act (provisions about 

economic regulation). 

 Minister for Essential Services for the Water Supply and Sewerage Services Act (provisions about supply 

and service provision under licence). 

 Department of Health for the Water Supply and Sewerage Services Act (provisions about water quality 

standards).  
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The provision of water for human consumption must comply with the water quality standards set out in the 

Act. A waste water works design approval may also be required.  

1.3.7 AS 1940—Storage and handling of Flammable & Combustible Liquids 

 AS 1940 - The storage and handling of flammable and combustible liquids 

 AS 3780 - The storage and handling of corrosive substances 

 AS 4326 - The storage and handling of oxidizing agents 

 AS/NZS 3833 - The storage and handling of mixed classes of dangerous goods, in packages and 

intermediate bulk containers 

 National Standard for the Storage and Handling of Workplace Dangerous Goods.  

 Australian Dangerous Goods (ADG) Code 

To protect soil and waters from contamination through spills and leaks hazardous and other chemicals stored 

in minor quantities should conform to these standards. 

1.3.8 Northern Territory Environmental Protection Authority Guidelines 

The NT Environment Protection Agency (EPA) has developed a series of draft and current guidelines related to 

the NT Environmental Assessment Act and Waste Management and Pollution Control Act. These guidelines are 

policy documents that describe the minimum expectations of the NT EPA in relation to a particular matter. 

Potentially relevant guidelines include: 

 Guidelines on Conceptual Site Models. 

 Guidelines on Mixing Zones.  

1.3.9 Australian and New Zealand Guidelines for Fresh and Marine Water Quality 2000 

Often referred to as the Australian Water Quality Guidelines (AWQG) or the ANZECC Guidelines these are part 

of the National Water Quality Management Strategy (NWQMS). The aim of the guidelines is to "provide an 

authoritative guide for setting water quality objectives required to sustain current or likely future environmental 

values for natural and semi-natural water resources in Australia and New Zealand" (ANZECC/ARMCANZ 2000). 

To this end, the AWQG provide guidance on setting and selecting appropriate water quality objectives, based 

on a hierarchy starting at: 

 local guidelines, then 

 state guidelines, then 

 national (AWQG) guidelines.  

Basically this hierarchy requires that where there are no locally specific guidelines (which would require 

comprehensive local water quality data collection typically spanning at least a 1 to 2 year period) that 

management decisions should default to relevant State based guidelines, and in their absence to National 

guidelines.  
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2 METHODS 

2.1 DESKTOP ASSESSMENT 

2.1.1 Literature Review 

An extensive literature review was conducted to document the existing floodplain environment associated with 

the Keep and Victoria River estuaries as well as across Legune Station. The site is remote and thus not heavily 

studied; however, where available, data associated with the following were reviewed: 

 geology and geomorphology of the coastal plain and associated catchment 

 climatic conditions, including rainfall characteristics and 

 aerial imagery in relation to flood and wet season extents. 

The water quality of Legune Station and within the wider Keep and Victoria River catchments was described 

through a literature review. Sources included: 

 data from Northern Territory Government water quality monitoring stations 

 other environmental impact assessments  

 published scientific literature. 

A gap analysis based on this initial review was used to plan and implement the field based data collection 

program.  

2.1.2 Analysis of Satellite Imagery 

To assess the floodplain inundation extent during the late dry season and early wet season prior to the 

construction of Forsyth Creek Dam, satellite imagery was sourced and analysed for a series of years between 

1990 and 2005.  

2.2 FIELD SURVEYS 

Water quality samples were collected in June 2015 at 10 sites, and in August 2015, October 2015, January 2015 

and March 2016 at five sites on Legune Station (Table 2; Figure 1). Water quality data assessments included 

analysis of the parameters presented in Table 3.  

Toxicants were sampled twice, in June 2015 and in March 2016. Chemical and biological oxygen demand were 

analysed in March 2016, to give an indication of the amount of dissolved oxygen needed to breakdown organic 

material in the water body.  

TABLE 2 WATER QUALITY SAMPLING PROGRAM 

Site Description Jun 15 Aug 15 Oct 15 Jan 16 Mar 16 

F01 Alligator Creek upstream of tidal influence Xa – X  X Xb 

F02 Ephemeral wetland Xa – dry X Xb 

F03 Turkey’s nest dam  Xb X – – – 

F14 Forsyth Creek, upstream of direct tidal 
influence 
 

Xb X X  X Xb 

F15 Unnamed wetland Xb – – – – 
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Site Description Jun 15 Aug 15 Oct 15 Jan 16 Mar 16 

F16 Osman’s Lake Xb – – – – 

F17 Alligator Creek, upstream site  Xb – X  X Xb 

F18 Forsyth Creek Dam. Water from the Dam 
is released in the late wet season 

Xb X X  X Xb 

F19 Small unnamed wetland near saltmarsh / 
mudflat 

Xb – – – – 

F20 Large unnamed wetland surrounding a 
turkey’s nest dam 

Xb – – – – 

(X) site surveyed; (–) site not surveyed; (a) only in situ measurements collected; (b) full assessment of water quality 

including metals and metalloids, pesticides and hydrocarbons 

TABLE 3 SUMMARY OF ASSESSED WATER QUALITY PARAMETERS 

Parameter Jun-15 Aug-15 Oct-15 Jan-16 Mar-16 

Temperature X X X – X 

Electrical conductivity  X X X X X 

pH  X X X X X 

Dissolved oxygen  X X X – X 

Turbidity  X X X X X 

Total suspended solids X X X X X 

Total dissolved solids X X X X X 

Total nitrogen X X X X X 

Ammonia X X X X X 

Oxides of nitrogen X X X X X 

Kjeldahl nitrogen X X X X X 

Total phosphorous X X X X X 

Reactive phosphorous X X X X X 

Total organic carbon X X X X X 

Chlorophyll a X X X X X 

Total and dissolved metals and 
metalloids 

X – – – X 

Total recoverable hydrocarbons X – – – X 

Organochlorine pesticides X – – – X 

Organophosphorous pesticides X – – – X 

Chemical oxygen demand – – – – X 

Biological oxygen demand – – – – X 

Phytoplankton – – – – X 

(X) site surveyed; (–) site not surveyed 
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FIGURE 1 FRESHWATER SURVEY SITES 
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2.3 DATA ANALYSIS 

Water quality samples were analysed by a National Association of Testing Authorities (NATA) accredited 

laboratory.  

With the exception of chlorophyll a, where data was below laboratory limit of reporting (LOR), values were 

halved prior to data analysis.  Due to frequent and high interference with the matrix for chlorophyll a, values 

were excluded when the LOR was higher than 1 µg/L. Where data for turbidity, pH and electrical conductivity 

(EC) was recorded in both the laboratory and the field, data recorded in the laboratory was used in analyses. 

Water quality samples were compared to the AWQG (ANZECC/ARMCANZ 2000). Where possible, the LOR was 

less than or equal to the applicable AWQG. 

2.4 NUMERICAL MODELLING 

2.4.1 Floodplain Inundation 

A 2D hydraulic model (TUFLOW) was used to simulate the flow of water through the floodplain. The model uses 

numerical equations to describe the water movement. Daily precipitation rates across the 2000-2001 wet 

season used in the model are shown in Figure 2. Rainfall data is measured at Legune Station Weather Station 

(Station Number 14803) and accessed via the Bureau of Meteorology (BoM) website. Spatially and sub-daily 

temporally varying (Pluvio) rainfall data does not exist in the catchment area, therefore to apply the varying 

rainfall rates across the model, daily rainfall totals were divided across the entire 24-hour period at a constant 

precipitation rate. A ‘direct rainfall on grid’ method was then applied with no interception or precipitation 

losses applied to the rainfall (as the ground would be considered to already be wet during the wet season and 

no information is available on infiltration rates for soils at the site).  

The 2000-2001 wet season rainfall totals were compared with long term averages and found to be a reasonable 

representation of average wet season rainfall conditions. The monthly rainfall totals are shown in Table 4 

compared against the long term average at Legune Station weather station. The simulation was run over the 

full wet season period. 

FIGURE 2 RAINFALL RATE MEASURED AT LEGUNE STATION WEATHER STATION 
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TABLE 4 2000-2001 WET SEASON RAINFALL AND AVERAGE RAINFALL TOTALS 

Month Oct Nov Dec Jan Feb Mar Total 

Mean Average Rainfall (mm/month) 35 88 177 303 286 405 1,294 

2000/2001 Wet Season (mm/month) 143 14 354 254 326 413 1,504 

A model simulation of dry season conditions was considered; however, given the lack of rainfall events, with 

the long term average rainfall effectively zero over the dry season, infiltration and evaporation are the 

dominant processes and there is insufficient local data available to model these processes accurately.  

2.4.2 Dam Release Inundation 

The hydraulic model (TUFLOW) was used to simulate a typical dam release condition, using data on the volume 

released in 2015.  

2.4.3 Flood Events 

To assess the impact of Project infrastructure on peak flood depths during a flood event, floodplain inundation 

due to extreme rainfall has been assessed. Golder Associates undertook an initial flood hydrology and 

modelling assessment for flood events from the 10 year Average Recurrence Interval (ARI) to the 100 year ARI, 

details of which are provided in Appendix B of Volume 5, Appendix 11. Following that assessment, there were 

updates to Project design, and therefore the 10 year and 100 year ARI events were re-assessed.  

The original flood peak values were used as inflows to the updated hydraulic model for a 10 year and 100 year 

ARI events for both existing conditions (baseline scenario or base case) and Project conditions. A design 100 

year and 10 year ARI rainfall hyetograph was also applied directly to the model grid, commonly referred to as a 

‘rain on grid’ approach. Further details on the hydraulic model setup are provided in Appendix A of Volume 5, 

Appendix 11. The model grid size for this assessment was 20 m.  

The downstream coastal conditions in the model were represented as a variable spring tidal water level in 

Alligator Creek and Forsyth Creek. A detailed analysis of coastal water levels is provided in Volume 5, Appendix 

8. The peak spring tide water level is around 5.0 m Australian Height Datum (AHD) at the upstream section of

Alligator Creek, which is comparable to the 100 year ARI storm tide water level of 5.4-5.8 m AHD.  Sensitivity 

testing during the development of the model indicated the floodplain inundation results were not sensitive to 

this downstream water level condition. 

2.4.4 Uncontrolled Release 

A model scenario was developed to assess the potential inundation extent on the tidal floodplain as a result of 

an uncontrolled release of water from the farm swales. The scenario assumed conditions associated with a 100 

year ARI rainfall event, with the release flow rate and volume being the difference between a 100 year ARI 

rainfall event and a 50 year ARI event. It was assumed that the rainfall catchment area was only the farm pond 

surface area (500 hectares). 
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3 EXISTING ENVIRONMENT 

3.1 SURFACE WATER FEATURES 

3.1.1 Major Catchments 

Forsyth Creek and Alligator Creek catchments are the two major waterway catchments of the Project Area 

(Figure 3). Alligator Creek has a catchment area of 707 km
2
, starting 30 km south of the Legune Homestead 

before travelling in a predominately northerly direction and discharging into the Keep River west of the Project 

Area. Forsyth Creek has a catchment area of 315 km
2
, and primarily consists of the area to the east of the 

Project. Forsyth Creek headwaters extend to the discharge point of Forsyth Creek Dam. Before the construction 

of the dam, Forsyth Creek included the additional 56 km
2
 catchment of the dam. The creek then travels north 

for approximately 35 km before discharging into the Victoria River. 

The floodplain hydrological conditions of both the Forsyth Creek and Alligator Creek catchments have been 

substantially modified over time as part of the pastoral operations. Alligator Creek is bunded at several 

locations including Point D, Point C, Crocodile Crossing and two smaller bunds in Red Rock Paddock (see Figure 

3). Station tracks and roads also act as low bunds in some areas. Since 2006, rainfall from the Forsyth Creek 

headwaters has been captured by Forsyth Creek Dam (see Section 3.1.3).  

Also displayed in Figure 3 are the two inland waterbody catchments of Legune Station. Of these, Forsyth Creek 

dam has a catchment area of 56 km
2
 and Osman’s Lake has a catchment area of 42 km

2
. Legune Station also 

includes some of the Keep River, Victoria River catchments, as displayed in Figure 3.  

3.1.2 Waterways, Drainage Lines and Waterbodies 

Waterways and drainage lines can be described under two main climatic conditions – the wet season and the 

dry season. During the dry season and start of the wet season there are many obvious flow paths throughout 

the site with two main features: 

flows in a northerly direction towards the Keep River to the west of the Project and 

flows towards Forsyth Creek and the Victoria River to the east of the Project. 

As the wet season progresses, many of these flow paths begin to overflow and interact, with the floodplain 

becoming one major waterbody for months at a time. The drainage lines presented in Figure 4 show the major 

and minor flow paths that would exist during a rainfall event in the dry season or start of the wet season.  

There are two major waterways which drain the floodplain area – Forsyth Creek and Alligator Creek. Apart 

from the two major waterways and their tributaries, there are two primary inland waterbodies. These are 

Forsyth Creek Dam and Osmans Lake as illustrated in Figure 4. Forsyth Creek Dam is currently operated to 

release water across the floodplain in the dry season and then refill during the wet season. Water released 

from the dam enters the Forsyth Creek and Alligator Creek catchments, flowing along the waterways identified 

in Figure 4.  
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FIGURE 3 LEGUNE COASTAL FLOODPLAIN MAJOR CATCHMENTS 
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FIGURE 4 LEGUNE COASTAL FLOODPLAIN - DRY SEASON AND EARLY WET SEASON 
WATERWAYS 
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3.1.3 Water Storages 

3.1.3.1 Forsyth Creek Dam 

Forsyth Creek Dam captures water in the upper Forsyth Creek catchment. It holds up to 35 000 ML of water. 

The dam was originally constructed to provide water for cattle and domestic uses, whilst also irrigating some 

areas of ephemeral wetlands that are usually dry in the dry season (Freeland 2004). Construction of the dam 

altered the natural hydrology of the system, and the dam now captures around 8% of the Forsyth Creek 

catchment. Whilst the dam captures a portion of wet season rainfall that would normally reach Forsyth Creek, 

it also provides a dry season water source itself. When the dam water is released during the mid-dry season, 

the water progresses downstream into both the Forsyth and Alligator Creek catchments and re-establishes wet 

season wetlands for up to 8 weeks, depending on the amount released (i.e. how full the dam was prior to 

release) and the flow paths it is directed upon. At peak capacity water from the dam inundates 550 ha of land.  

3.1.3.2 Osmans Lake 

The largest natural wetland feature on Legune Station is the Osmans Lake complex. Osmans Lake is the largest 

“playa” within the system (app. 1,050 ha). Osmans Lake appears to be recharged predominately by direct 

precipitation. This shallow (<1 m deep) wetland supports surface water longer than other similar, though 

smaller, playa wetlands to the near north (at least 30). Osmans Lake and its catchment is almost entirely to the 

eastern side of the proposed development, and is therefore not affected by the development of the Project.  

3.2 FLOODPLAIN INUNDATION 

3.2.1 Wet Season 

During the wet season (November – March) significant rainfall typically occurs across the site and the 

floodplain is heavily inundated for months at a time. Based on the floodplain wet season modelling, maximum 

inundation depths at each location during the wet season are shown in Figure 5. The modelled flood extents 

shown in  Figure 5 compares favourably with a typical flood extent expected during a wet season as indicated 

by the satellite imagery from mid-wet-season (January 20, 2001). The inundated extents depicted in Figure 5 

are considered seasonal wetlands, likely to be inundated to some degree between November to March each 

year.  

3.2.2 Dry Season 

Dry season inundation extents vary based on the infrastructure in place at the time of releases in the Legune 

Station floodplain, as bunds placed at paddocks can be variable from year to year. An example is shown in 

Figure 6, with the imagery taken 30 August 2015. As this figure shows, the majority of the surface water that 

was present during the wet season has now evaporated or infiltrated into the soil. The only visible water is 

associated with the Alligator Creek catchment. Analysis of satellite imagery for the late dry season/early wet 

season showed that, while there was some variability in the extent of the inundation in the lower sections of 

Alligator Creek prior to the construction of Forsyth Creek Dam, water is always present to some degree. This is 

illustrated in Figure 7 through to Figure 9. 
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FIGURE 5 FLOODPLAIN MODELLED WET SEASON INUNDATION EXTENT 
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FIGURE 6 LEGUNE COASTAL FLOODPLAIN DRY SEASON INUNDATION EXTENT 2015 
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FIGURE 7 EXAMPLES OF ALLIGATOR CREEK CATCHMENT FLOODPLAIN INUNDATION 
DURING SEPTEMBER 2002 - 2005 
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FIGURE 8 EXAMPLES OF ALLIGATOR CREEK CATCHMENT FLOODPLAIN INUNDATION 
DURING OCTOBER 2002 - 2005 
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FIGURE 9 EXAMPLES OF ALLIGATOR CREEK CATCHMENT FLOODPLAIN INUNDATION 
DURING NOVEMBER 2002 - 2005 
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3.2.3 Dam Release Inundation 

Since construction of the Forsyth Creek Dam, periodic releases of water from the dam across the floodplain 

have been undertaken. Typically, these dam releases occur towards the end of the dry season from July to 

September, and can inundate the floodplain downstream for a period of 4 to 8 weeks depending on the volume 

released.  

The resultant maximum inundation depths for the dam release are shown in Figure 10 below. The release 

extents compare favourably with the aerial imagery from mid-dam release (August 30, 2015) with a good 

match to the modelled flood extent. Initially, water released from the dam is split between Forsyth Creek and 

Alligator Creek catchments. The flow paths leading from the dam into the floodplain in these catchments have 

velocities up to 0.5 m/s and depths generally less than 1.0 m. Once entering the respective floodplains these 

velocities and depths are reduced as the water spreads to fill the dry low lying areas.  

The dam release extent is held back by existing infrastructure, specifically the roadways between farms. Water 

builds behind these roads before the roadways are excavated, allowing water to be released into the lower 

catchment. Typically, after 4 weeks Crocodile Crossing has been excavated, allowing rapid flow into the 

downstream areas and through Point C and D towards the catchment outlet. Over the following weeks’ flow 

depths and extents will continue to decrease in the upstream sections.  
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FIGURE 10 LEGUNE COASTAL FLOODPLAIN DAM RELEASE MODELLED INUNDATION 
EXTENT (2015) 
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3.3 REGIONAL WATER QUALITY 

The Project is downstream of the freshwater reaches of the Keep and the Victoria River systems, which are the 

two major river systems adjacent to the Project. Both the Keep and Victoria River catchments are subject to 

high fluctuations in salinity, turbidity and nutrient concentrations between and within the seasonal changes of 

dry and wet seasons. Electrical conductivity and turbidity in the Victoria River catchment at times exceeds 

AWQG (Kirby & Faulks 2004). Electrical conductivity throughout the catchment ranged from 23 to 19300 

µS/cm, while median turbidity ranged from 1 to 5000 NTU (Kirby & Faulks 2004). However, relatively little data 

has been collected, with the frequency and cause of these exceedances unclear. The pH throughout the 

catchment was mostly between 7 and 8, and within the AWQG. Total phosphorous levels were typically low 

ranging from 0.009 to 0.03 mg/L (Kirby & Faulks 2004).  

Water quality in the upper Keep River has been surveyed in the freshwater reaches in relation to expansions of 

the Ord River Irrigation Area. In the dry season, the Keep River system was characterised by moderate to high 

concentrations of dissolved oxygen, pH between 6.0 and 9.2, and water temperatures between 18°C and 

34.2°C. On occasion, total phosphorus and total nitrogen were above AWQG trigger values for unmodified, high 

conservation/ecological value, lowland river systems in tropical Australia (Bennett & George 2011). There was 

considerable variation in salinity, turbidity and the concentration of nutrients both between and within seasons 

(Bennett & George 2014). In the dry season, in a downstream pool, electrical conductivity ranged between 

1388–3950 mS/cm (i. e. over 20 times the salinity of seawater) and in an upstream pool ranged between 16–87 

mS/cm indicating a highly variable environment which experiences impacts from tidal flushing and high 

evaporation with concentration of salts in the remaining water (Bennett & George 2011). The concentration of 

total nitrogen was also highly variable, for example ranging between 0.09 to 0.64 mg/L at one site (Bennett & 

George 2011).  

In the Keep River in the 2010/2011 wet season, total nitrogen and phosphorous concentrations were up to 10–

100 times the AWQG trigger values, while electrical conductivity ranged between 5–31 mS/cm (Bennett & 

George 2011). The concentration of several dissolved metals, including aluminium, cadmium and copper, were 

above AWQG in both the wet and dry seasons, while lead was only above the AWQG in the wet season 

(Bennett & George 2014). In permanent pools in the Keep River, the concentration of total nitrogen and 

phosphorous were commonly elevated (WRM 2010; WRM 2014). It has been recommended that the Keep 

River should be classified as a slightly to moderately modified system (Category 2; Bennett & George 2011). 

This classification is a result of natural (i.e. tidal, climate variability and groundwater discharge) as well as 

anthropogenic factors (i.e. rangeland and grazing), impacting the Keep River.  

3.4 BASELINE WATER QUALITY 

3.4.1 Physical and Chemical Parameters 

Table 5 presents the results of the water quality program for the sampled sites illustrated in Figure 1. Sites F15, 

F16, F19 and F20 were only sampled in June 2015, in the dry season, and values represent a single data point. 

Medians are presented for the remaining sites. This analysis shows that the baseline water quality in the water 

bodies on Legune Station was generally characterised by: 

warm water 

pH that was commonly high 

percent saturation of dissolved oxygen that was commonly moderately low (i.e. below AWQG) 

very low concentration of dissolved oxygen in October 2015 when water levels were also low 
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high chlorophyll a and 

nutrients that were commonly high. 

3.4.1.1 Alligator and Forsyth Creek Sites (Sites F01, F14 and F17) 

Baseline water quality in Alligator and Forsyth Creeks was relatively poor with: 

median values of dissolved oxygen, pH, turbidity, electrical conductivity, chlorophyll a, total nitrogen, 

ammonia and oxides of nitrogen not complying with AWQG (except for dissolved oxygen at Alligator Creek 

site F01, which just complied with AWQG) 

very low percent saturation of dissolved oxygen (< 20%) in the dry season (June 2015) and pre-wet season 

(October 2015) at site F14 

predominantly high turbidity, with very high turbidity at site F14 in Forsyth Creek in dry season (June 2015) 

and 

high total nitrogen particularly in the dry and pre-wet seasons. 

There was also very high electrical conductivity at site F14 in Forsyth Creek, likely due to tidal influence and 

evaporation. 

3.4.1.2 Water Storages: Forsyth Creek Dam (Site F18) and Turkey's Nest Dam (Site F03) 

In Forsyth Creek dam the percent saturation of dissolved oxygen was very low (< 20%) in the pre-wet season 

(October 2015). Live fish were observed in the dam at this time, so this low percent saturation of dissolved 

oxygen may have been limited to the edge of the dam, where the reading was taken. The concentrations of 

ammonia and total phosphorous were particularly high in the early dry season (June 2015); however, in the 

mid dry season (August 2015) concentrations were lower and below the AWQG. Ammonia and total 

phosphorous increased slightly in October, and were lower in the wet and post wet season (January and March 

2016). The concentration of oxides of nitrogen was over the AWQG at this site, except in October 2015. The 

concentration of chlorophyll a was also relatively high in October 2015 indicating elevated primary productivity 

in the pre-wet season.  

The turkey’s nest dam was sampled for water quality in June and August 2015. In June 2015, water quality was 

relatively poor, with low dissolved oxygen, and high concentrations of nitrogen and ammonia. In August 2015, 

dissolved oxygen was high; however, the concentration of nitrogen and oxides of nitrogen were over AWQG. 

3.4.1.3 Wetlands (Site F02, F15, F16, F19 and F20) 

Site F02 was sampled in June 2015, and in January and March 2016. This site was dry in October 2015. In this 

ephemeral wetland, the water quality was relatively poor to moderate, with  

low (31%) to moderate (69%) percent saturation of dissolved oxygen in the dry (June 2015) and wet season 

(March 2016), respectively 

high turbidity in the dry season 

high pH and 

high concentration of ammonia in January 2016 (Table 5). 

Water quality was assessed at the remaining wetland sites in June 2015. Water quality was relatively poor at 

these sites at this time with low dissolved oxygen, and with pH, turbidity, electrical conductivity, total nitrogen 

and total phosphorous over AWQG. 
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TABLE 5 WATER QUALITY RESULTS COMPARED TO THE RELEVANT AWQG^ 

Parameter Units LOR 

Range 

Lowland Rivers Reservoirs Wetlands 

AWQG F01 F14 F17 AWQG F03 F18 AWQG F02 F15 F16 F19 F20 

Physical 

Water temperature ° C – – 29.2 28.5 33.3 – 24.8 30.2 – 28.1 29.6 29.0 22.2 23.5 

Dissolved oxygen % saturation – 85–120 86 39 81 90–120 66 83 80–110 50 45 80 27 29 

pH pH units – 6.0–8.0 8.6 8.3 8.1 6.0–8.0 9.3 7.4 6.0–8.0 8.7 8.9 9.0 7.4 8.4 

Turbidity NTU – 2–15 27 68 39 2–200 62 10 2–200 50 623 248 136 536 

Total dissolved solids mg/L – – 1,050 44,000 358 – 463 17 – 305 1,430 3,060 592 904 

Total suspended solids mg/L – – 13 54 30 – 5 15 – 20 1,530 172 31 15 

Electrical conductivity µS/cm – 20–250 854 68,300 681 90–900 902 34 90–900 850 2,080 5,670 993 1,540 

Chemical 

Ammonia mg/L 0.01 – 

0.05 

0.01 0.040 0.036 0.045 0.01 0.023 0.013 0.01 0.028 0.100 0.070 0.080 0.060 

Oxides of nitrogen mg/L 0.01 – 

0.05 

0.005 0.02 0.02 0.03 0.005 0.01 0.02 0.001 0.03 0.01 0.02 0.01 0.01 

Kjeldahl nitrogen mg/L 0.2 – 0.60 0.80 0.80 – 1.10 0.20 – 0.55 3.50 1.65 1.10 2.60 

Total nitrogen mg/L 0.2 0.3 0.60 0.90 0.80 0.35 1.10 0.20 1.2 0.55 3.50 1.65 1.10 2.60 

Total phosphorous mg/L 0.05 0.05 0.04 0.11 0.03 0.05 0.03 0.03 0.05 0.05 0.20 0.14 0.26 0.40 

Reactive phosphorous mg/L 0.001 – 

0.05 

0.004 0.013 0.025 0.025 0.005 0.015 0.025 0.025 0.025 0.090 0.025 0.030 0.250 

Total organic carbon mg/L 5 – 18 18 7 – 24 3 – 14 141 22 51 45 

Chlorophyll a µg/L 1 5 19.0 28.0 7.5 3 2.0 6.0 10 6.4 110.0 22.5 15.0 6.0 

^ Shaded cells contain values above the applicable AWQG trigger value. Values that are italicised are based on data where the LOR was higher than the applicable AWQG trigger on at least 

one occasion. In these calculations, where the LOR was higher than the trigger, the LOR was divided by 2.
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3.4.2 Toxicants 

3.4.2.1 Ammonia and Nitrate 

The maximum concentrations of ammonia and nitrate were below the AWQG at all of the sites that were 

sampled. 

3.4.2.2 Metals and Metalloids 

The LORs for the total concentrations of metals and metalloids were above the AWQG for mercury and silver in 

all surveys, and for cadmium, chromium, copper, lead, selenium, and zinc in some analyses. The maximum 

concentration of total metals and metalloids was above the AWQG for: 

aluminium at each site 

arsenic at sites F14, F15, F16, F19 and F20 

boron at sites F14, F16 and F17 

chromium at sites F14, F15, F16 (with LOR below AWQG for the maximum concentration at sites F01, F02, 

F17 and F19)   

copper at sites F14, F15, F16, F18 and F19 (with LOR below AWQG for the maximum concentration at sites 

F01, F02, F03 and F20) 

lead at sites F14, F15 and F17 (with the LOR below the AWQG at all other sites) and 

nickel at site F14 and F15. 

The LORs for the dissolved concentrations of metals and metalloids were above the AWQG for mercury and 

silver in all surveys, and for cadmium, chromium, copper, selenium, lead and zinc in some analyses.  

The maximum concentration of dissolved metals and metalloids was above the AWQG for: 

aluminium at site F17 (with the LOR below the AWQG at all other sites) 

arsenic at sites F15, F16, F19 and F20 and 

boron at sites F14 and F16. 

3.4.2.3 Pesticides 

There are no listed AWQG for pesticides; however, concentrations of pesticides were low at each site in each 

survey, and below laboratory LOR. 

3.4.2.4 Recoverable Hydrocarbons 

The concentrations of recoverable hydrocarbons were below LOR at all sites, with the exception of site F15. At 

site F15 the C15-C28 fraction of was above the LOR. Hydrocarbons in the C15-C28 range include diesels and 

lubricating oils. Site F15 is adjacent to an access track. BTEXN were all below the LOR. 

3.4.3 Phytoplankton 

Phytoplankton communities were analysed in March 2016 and were dominated by diatoms, with some 

cyanobacteria, flagellates and green algae. Cyanobacteria (non-toxic) and green algae were only recorded at 

the upstream reference site (site F17) and in Forsyth Creek Dam (site F18), while flagellates were only recorded 

in Forsyth Creek Dam.  

Detailed results of the baseline water quality assessment are presented in Volume 5, Chapter 12. 
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4 ASSESSMENT OF POTENTIAL IMPACTS 

The impacts of the Project which have the potential to affect floodplain hydrology and freshwater quality are 

described in Section 4.1 below. These include: 

modification of existing infrastructure and development of project infrastructure 

changes in the operation of Forsyth Creek Dam 

vegetation clearing and earthworks 

release of wastewater 

spills of hydrocarbons and other contaminants 

waste and litter and 

reducing cattle grazing. 

An assessment of these potential impacts on floodplain hydrology and freshwater quality is provided in Section 

4.2. 

4.1 POTENTIAL IMPACTS 

4.1.1 Changes in Floodplain Hydrology 

Modification of floodplain surface water hydrology has the potential to result from: 

modification of existing infrastructure, including bunds and embankments, and development of Project 

infrastructure including ponds, channels and roads 

changes in the operation of Forsyth Creek Dam, specifically the cessation of annual releases of dam water. 

4.1.1.1 Modification of Existing Infrastructure and Development of Project Infrastructure 

Dry Season 

With the exception of the cessation of the Forsyth Creek Dam release discussed in Section 4.1.1.2, the 

development will have no impact on typical dry season flow conditions as it does not alter any dry season flow 

paths or inundated areas.  

Wet Season 

Wet season flows may be impacted by construction of infrastructure; however, impacts will be mostly 

mitigated through the inclusion of culverts, and can be further mitigated through appropriately placed channel 

works (see Section 5). Potential blockages to water flow in the wet season from the modification of existing 

infrastructure and the development of Project infrastructure include: 

intake channel and settlement ponds that will bisect the Forsyth Creek floodplain 

the main discharge channel and environmental protection zone that will bisect the lower Alligator Creek 

floodplain 

a new all-weather access road that runs north-south across the floodplain and bisects the Alligator Creek 

floodplain 
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grow-out farms on the floodplain, each farm consists of between 36 and 40 individual 10 ha ponds and 

roads over several other major and minor waterways. 

In conclusion, with respect to wet season conditions, the effect of the proposed development is to cause 

numerous upstream water blockages, which in turn, causes a generally increased flood depth and flood extent 

at various locations (see Figure 11) and a reduction in the amount of water reaching the downstream section of 

Alligator Creek. 

Flood Events 

Development of Project infrastructure has the potential to impact flood flow paths and increase peak water 

depths during extreme flood events.  

4.1.1.2 Changes in the Operation of Forsyth Creek Dam 

Based on the freshwater requirements of the Project, continuation of the existing annual release of Forsyth 

Creek Dam will not be possible. This cessation of dry season freshwater flow has the potential to result in 

changes to the floodplain hydrology in the dry season.  

4.1.1.3 Uncontrolled Release 

To manage water across the Project Area for storm events less than a 50 year ARI event, flows are captured by 

a system of swales adjacent to the farm bunds and transported to the main discharge channel (MDC) for 

planned release to the environment via the environmental protection zone. 

Under extreme rainfall events (> 50 year ARI), the capacity of the swales may be exceeded, resulting in an 

uncontrolled release of water into the bio-security zones between farm 1 and farm 2. The excess water would 

then be channelled along the biosecurity zone and discharged to the tidal floodplain through a culvert under 

the MDC. 

4.1.2 Water Quality Impacts 

4.1.2.1 Vegetation Clearing and Earthworks 

The Project will result in vegetation clearing for the establishment of ponds, channels, roads, the village and 

central facilities. The proposed clearing footprint for both the construction and operational phases is 3,861 ha. 

The majority of clearing is associated with construction of the farms which will result in the removal of 1,484 ha 

of vegetation comprising 1,293 ha of grassland communities, 99 ha of ephemeral wetlands and 92 ha of 

Melaleuca dealbata low open woodland. The pasture will be control burned prior to earthworks commencing, 

any trees will be removed and mulched (with mulch stockpiled and used for landscaping, soil stabilisation and 

erosion control). No pre-stripping of topsoil is proposed, as all the surface clay soils will be consumed in the 

bulk earthworks.  

Vegetation clearing and earthworks have the potential to impact water quality in downstream waterways by 

increasing: 

turbidity 

sediment deposition and 

input nutrients or contaminants. 

Risks are particularly high during times of high flow when there will be a greater risk of erosion and run-off to 

the receiving environment. 
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4.1.2.2 Release of Wastewater 

If left unmitigated, wastewater has the potential to impact water quality in the downstream freshwater water 

bodies via increasing input of nutrients or contaminants.  

Sewage will be treated with package wastewater treatment plants (WWTP), with treated water suitable for 

sustainable irrigation in land application areas on the site. There will be three main systems on the site located 

in the central facilities, accommodation village and farm services. 

Non-sewage wastewater from the equipment wash-down area, fuel handling station, and vehicle wash station 

will operate by containing wash down waters and a first flush (e.g. first 15 mm of rainfall after any wash), 

passing this water through an oil-water separator prior to treatment in the on-site wastewater scheme. 

Subsequent run-off from these areas will also pass through an oil-water separator before discharge to the 

environment.  

Recovered hydrocarbons will be collected by truck pump-out, for consolidation into the waste hydrocarbons 

tank at the central facilities, and removed off-site by a licenced transporter to a licenced facility, or will be 

pumped out directly by the transporter from each location and removed from site. 

The wastewater treatment and irrigation fields will be located in the Alligator Creek catchment. 

4.1.2.3 Spills of Hydrocarbons and Other Contaminants 

A moderate spill of hydrocarbons or other contaminants from construction vehicles or other equipment has 

the potential to severely impact water quality. Hydrocarbons, heavy metals and other contaminants can have 

major impacts on water quality. 

The biological effects of toxicant discharge are usually greatest in low energy environments, such as within 

lakes, where accumulation and retention in fine sediments can occur (Gundlach & Hayes 1978; Jackson et al. 

1989). The hydrocarbon type and concentration, together with environmental factors (e.g. wind action) and 

previous exposure influence the severity of impact. Where the spill is a ‘once-off’, recovery is likely. 

Chemicals used on the farm will include hydrated lime and hydrogen peroxide, in sealed containers. Any 

surplus or expired chemicals will be sent back to the main chemical store in the central facilities. 

4.1.2.4 Waste and Litter 

Litter and waste associated with construction and operation of the Project has the potential to contribute to 

the degradation of water quality. 

4.1.2.5 Reducing Cattle Grazing 

Reducing the number of cattle in sections of Legune Station as a result of Project development may lead to 

increased native vegetation and improved water quality, particularly around and downstream of stock watering 

holes.  

Less cattle treading on site will reduce physical damage of riparian and floodplain vegetation and pugging of 

the soil. Native vegetation may grow in areas currently heavily impacted by cattle. Reducing herbivory on 

native flora and the spread of invasive flora via cattle is also likely to enhance native vegetation. Increased 

native vegetation would likely reduce erosion and run-off, improving water quality, particularly suspended 

sediments, turbidity and nutrients, in downstream waterways. 

Reducing cattle number on Legune Station would in turn reduce urine and faeces deposited by the cattle. This 

would result in less nutrients and pathogens being delivered to the receiving waterways and may improve 

water quality in some areas.  
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FIGURE 11 DIFFERENCE IN PEAK WATER DEPTHS: WET SEASON CONDITIONS (STAGE 1 
MINUS CURRENT CONDITIONS) 
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4.2 IMPACT ASSESSMENT 

4.2.1 Changes in Floodplain Hydrology 

4.2.1.1 Modification of Existing Infrastructure and Development of Project Infrastructure 

Dry Season 

The rainfall recorded during the dry season is not enough for runoff to reach wetlands outside of the extents 

shown in Figure 6. The development will have no impact on these typical dry season conditions as it is not 

altering any dry season flow paths or inundated areas. 

Wet Season 

Figure 11 shows the difference in maximum wet season water levels and extents between the Project and the 

current infrastructure conditions. The Central Services Road runs in a north easterly direction through Red Rock 

and Flapper Hill paddocks. This road crosses the major flow path of Alligator Creek; however, as seen in Figure 

11, which includes 29 culvert banks, the modelling shows that with adequate culvert flow conveyance, water 

level effects are minor.  

There is also another road running in a north westerly direction from Forsyth Creek Dam and through Billions 

paddock. This road also crosses a number of flow paths; however, the inclusion of culverts results in only minor 

localised water level impacts. It is expected these impacts could be further mitigated through local earthworks.  

The road embankment running in a northerly direction through Duckhole paddock also blocks the interchange 

of flows from east to west. These flow paths have a very low grade, so a number of evenly spaced small 

culverts have been included in the modelling, as displayed in Figure 12. 

There are some local water level impacts throughout Turtle Point paddock, as there is some trapping of flows in 

a relatively flat area by the development. It is envisioned localised earthworks would be able to encourage 

stormwater flows through the culverts in Figure 12.  

Without the culverts, the net effect of the development is to cause numerous upstream water blockages, 

causing a generally increased flood depth and flood extent. These impacts have been mostly mitigated through 

the inclusion of culverts in the model, and can be further mitigated through appropriately placed channel 

works. 

Flood Event 

The results of modelling of the peak water depths for the 10 year and 100 year ARI event indicate the 

following: 

The most significant catchment generating rainfall-runoff flows to the site drains from the Blueys Pocket 

paddock to the south of the site.   

The inundation regime across the study area is characterised by very extensive, but largely shallow flood 

inundation and ponding across the floodplain. Maximum estimated flood depths for the 100 year ARI 

design event are generally below 1.0 m depth with inundation above 1.0 m depth largely limited to the 

lower lying flow areas draining to the Alligator Creek and Forsyth Creek outlets to the estuary. 

Modelled flood flow velocities are low across much of the flooded area i.e. less than 0.5 m/s, with 

velocities above 1.0 m/s limited to the river-estuary drainage interfaces. 
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Estimated maximum 100 year ARI flood levels along the proposed road alignment were approximately 6.0 

m RL. The hydraulic modelling indicates that in order to minimise flood risks and impacts to the road, 

appropriate cross road drainage infrastructure needs to be included. 29 locations for culvert banks were 

identified (see Figure 12), all of which have been included in the hydraulic model.    

Flow conveyance and drainage infrastructure will ensure the connectivity of storm runoff from upstream 

to the estuarine discharge areas of the Forsyth Creek and Alligator Creek.  

The difference between the base case scenario and the Project infrastructure scenario peak flood depths 

across the site under the 10 year and 100 year ARI flood events are shown in Figure 13 and Figure 14, 

respectively. These figures illustrate that the development of the Project results in only minimal differences in 

peak water depth in an extreme flood event. 

4.2.1.2 Cessation of Forsyth Creek Dam Release 

To assess the potential changes in floodplain hydrology, satellite imagery of the flood plain pre-dam release 

and the results of modelled simulations of a typical dam release were compared (Figure 15). Based on this 

analysis, in regards to dry season conditions, the effects of ceasing water flow from the annual release of 

Forsyth Creek Dam is a decrease in the extent of surface water for approximately 4 to 8 weeks. As a 

consequence water bodies will remain contracted over this period. Water quality will be in dry season 

condition for longer, with higher nutrients and lower dissolved oxygen where water flows are restricted. 

However, as can be seen in Figure 15, water persists in the upstream sections of Alligator Creek during the dry 

season even in the absence of the dam release. 

4.2.1.3 Uncontrolled Release 

The peak flow rate for an uncontrolled release of water from the farm swales was determined to be 26.91 

m
3
/s. This rate was applied as a constant inflow to the model (see Section 2.4.4) over the 90-minute storm 

duration period. This resulted in a total volume of 145,300 m
3
 of water being released through the culverts 

under the MDC. The model was simulated for 100 hours to allow the uncontrolled release to spread out across 

the tidal floodplain surface.  

The resultant inundation depths across the tidal floodplain are shown in Figure 16. This shows surface flows 

immediately downstream of the uncontrolled release point with depths of up to 0.50 m. They decrease to less 

than 0.1 m as the flood waters spread out across the floodplain. The area inundated extends around 3 km west 

of the uncontrolled release point and just over 2 km south. Overall, the flow travels in a northerly direction 

towards the local tidal creeks. 

The inundation extent is limited and depths are shallow. Much of the water released is ponded on the upper 

tidal floodplain with little interaction with the tidal creeks. This inundation extent is considered insignificant 

when compared to the likely flooding conditions during a rainfall event that would cause this degree of 

overtopping. 
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FIGURE 12 DEVELOPMENT FOOTPRINT AND PROPOSED CULVERT LOCATIONS 
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FIGURE 13 DIFFERENCE IN PEAK WATER DEPTHS 10 YEAR ARI (BASE CASE MINUS 
PROJECT INFRASTRUCTURE) 
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FIGURE 14 DIFFERENCE IN PEAK WATER DEPTHS 100 YEAR ARI (BASE CASE MINUS 
PROJECT INFRASTRUCTURE) 
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FIGURE 15 MODELLED DAM RELEASE INUNDATION EXTENT COMPARED TO PRE-DAM 
RELEASE EXTENT 
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FIGURE 16 UNCONTROLLED RELEASE MAXIMUM FLOOD DEPTH 
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4.3 WATER QUALITY 

Baseline water quality in the creeks on Legune Station was relatively poor and characterised by low dissolved 

oxygen (i.e. lower than the AWQG), high turbidity and high nutrients in the dry and pre-wet seasons. In Forsyth 

Creek Dam water quality was poorest in the pre-wet season, with low dissolved oxygen and higher nutrients at 

this time.  Water quality in the ephemeral wetlands was poor to moderate, and characterised by low dissolved 

oxygen and high turbidity, particularly in the remaining water in the dry season. 

Nonetheless, inputs of turbid waters, sediments, nutrients or other contaminants into the waterways from 

vegetation clearing and earthworks could impact freshwater water quality. However, the potential impact of 

vegetation clearing and earthworks on water quality is considered to be low, given that: 

 construction will occur in the dry season when the extent of freshwater water on the Project site is 

minimal and  

 works in proximity to freshwater bodies are restricted to the Alligator Creek road crossing. 

Furthermore, the implementation of the management strategies as presented in Section 5, including an Erosion 

and Sediment Control Management Plan, will ensure that potential impacts to water quality are minimised to 

as low as practicable. 

The on-site WWTP and irrigation schemes will be designed and operated to achieve a long term, sustainable 

system. With the implementation of the mitigation and management measures set out in Section 5, there are 

unlikely to be significant impacts to the freshwater receiving environment from wastewater. 

Risks to water quality from spills of hydrocarbons and other contaminants is considered to be low, given the 

dry season construction program and the limited works near freshwater. Adherence to the Project's 

Environmental Management Plan (Volume 4, Chapter 3), including the procedures outlined in Section 5, will 

ensure the risks are as low as practicable. 

Implementation of the waste management system and plan as described in the Waste Management chapter 

(Volume 2, Chapter 9), will significantly reduce the potential impact of waste and litter on water quality.  

Given the existing poor water quality of Legune Station and the implementation of the mitigation measures 

outlined in Section 5, including a Water Quality Monitoring Program, it is concluded that construction and 

operation of the Project will not further impact the freshwater water quality within the Project Area and its 

surrounds.  
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5 MITIGATION AND MONITORING 

The potential environmental impacts of the Project on floodplain hydrology and freshwater water quality will 

be mitigated through Project design and managed in accordance with the Project's Environmental 

Management Plan (Volume 4, Chapter 3). Specific measures that will be implemented to mitigate the risk of 

the potential impacts outlined in this chapter are summarised below.  

5.1 DESIGN 

 To the greatest extent practical, direct impacts on freshwater water bodies and major drainage lines have 

been avoided.  

 The direct impact on Alligator Creek resulting from the crossing of the Central Services Road will be 

mitigated through the use of suitable culvert crossings (see Figure 12) to maintain flow paths, and avoid 

changes to flood patterns on the site.  

 More broadly, roads, services and other infrastructure have been designed incorporating culverts, 

floodways and other drainage works to avoid changing the upstream and downstream flood levels as much 

as practicable. 

5.2 VEGETATION CLEARING AND EARTHWORKS 

 The risk of sediment run-off to nearby waterways will be reduced by earthworks occurring in the dry 

season when water on the Project site is minimal, and implementation of the Project's Environmental 

Management Plan including an Erosion and Sediment Control Management Plan. This will include: 

 minimising vegetation clearing, earth works and stockpiles of soil where possible 

 timing clearing and earthworks to occur within the dry season  

 including suitable drainage controls to slow runoff, divert flows around exposed areas, and drain 

sediment to sediment structures, and away from waterways 

 incorporating controls to capture and settle out runoff waters, or otherwise capture sediments 

before they leave the site 

 Areas that are cleared for construction, but not required to be cleared for operations, will be rehabilitated 

as soon as practical - replanting of native vegetation will help reduce excess flows from occurring overland 

and reduce transport of sediment into nearby waterways.   

5.3 RELEASE OF WASTEWATER 

The on-site WWTP and irrigation schemes will be designed and operated to achieve a long term, sustainable 

system. Treatment plants will treat waters to a suitable level to enable irrigation without causing harm, with 

alarms and other safeguards to avoid overflow. Land irrigation schemes will be sized and designed to irrigate 

within the hydraulic and nutrient capacity of the soils, with appropriate irrigation timers and controls, including 

not irrigating when soils are wet. The schemes will obtain and comply with a wastewater works design 

approval, and will be managed in accordance with state and national codes and guidelines, including the 

Guidelines for wastewater works design approval of recycled water systems (DoH 2014). 
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5.4 SPILLS OF HYDROCARBONS AND OTHER CONTAMINANTS 

 Use of chemicals on the farm will be minimised. 

 Chemicals and their containers will be stored, used and disposed of according to manufacturer's 

instruction, safety data sheets (SDS) and the requirements of State and Commonwealth regulators.  

 Fuel storage and handling activities will be in accordance with AS1940 (Storage and Handling of Flammable 

and Combustible Liquids) – encompassing spill containment and response protocols.  Fuels will be used on 

farm for vehicles and temporary generators.  

 Temporary generators will be equipped with double-lined day tanks. Day tanks will replenished by a 

mobile diesel tanker according to demand.  

 The fuel store will comprise a bunded area for fuel tanks, with a drain to the oil / water separator. 

 Chemical management procedures will apply to all chemicals managed at the farms.  

 Spill kits at each chemical store will be provided, as will training of personnel. 

 A Hazardous Materials Register and a register of SDS will be maintained for the whole project. 

 The chemical store will comprise a metal clad shed with concrete bunded floor, sized to contain spillage of 

chemicals.  

5.5 WASTE AND LITTER 

 Waste and litter will be managed in accordance with the waste management system and plan as described 

in the Waste Management chapter (Volume 2, Chapter 9).  

 This system has been designed for total containment of wastes, adopting an aim of waste minimisation, 

and measures to appropriately recycling, reuse, or dispose of wastes without causing environmental harm. 

5.6 WATER QUALITY MONITORING PROGRAM 

Baseline water quality data collected from June 2015 to March 2016 is summarised in Section 3.4 and 

presented in detail in Volume 5, Appendix 12. Water quality data will continue to be collected. A Water Quality 

Monitoring Program will be put in place to monitor the water quality of freshwater water bodies during 

operation. The monitoring program will allow for: 

 Collection and analysis of key physico-chemical parameters, chlorophyll a, recoverable hydrocarbons and 

pesticides.  

 The program will set out how the samples will be collected and analysed to ensure all sampling is in 

accordance with relevant procedures and methodologies. 

 The parameters and sites monitored will be reviewed after 2 years of operation, and a revised monitoring 

plan submitted to the Regulators. 

 Samples will be compared to appropriate AWQG and existing data.  

 The program will allow for reference sites.  
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6 COMMITMENTS 

Based on the outcomes of this freshwater assessment the proponent commits to: 

 the avoidance of freshwater water bodies and major drainage lines to the greatest extent practical 

 the use of suitable culvert crossings  to maintain flow paths and avoid changes to flood patterns on the site 

  the development and implementation of an Environmental Management Plan during both construction 

and operation of the Project and incorporating the mitigation measures outlined in Section 5, including an 

Erosion and Sediment Control Plan 

 obtaining and complying with a wastewater works design approval 

 storing and disposing of chemicals according to manufacturer's instructions and state and commonwealth 

regulatory requirements  

 maintaining a Hazardous Materials Register 

 storing and handling fuel in accordance with AS1940  

 development and implementation of a Water Quality Monitoring Program. 
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7 CONCLUSIONS 

Freshwater of Legune Station largely comprises freshwater creeks, Osmans Lake, ephemeral wetlands, spring-

fed waterholes and man-made dams. Forsyth Creek and Alligator Creek catchments are the two major 

waterway catchments of the site. The floodplain hydrological conditions of both the Forsyth Creek and Alligator 

Creek catchments have been substantially modified over time as part of the pastoral operations. Alligator 

Creek is bunded at several locations, and both Forsyth and Alligator Creeks are bunded such that there is no 

connectivity between the freshwater and estuarine reaches in the dry season Since 2006, rainfall from the 

Forsyth Creek headwaters has been captured by Forsyth Creek Dam. The dam has altered the natural hydrology 

of the system, capturing wet season rainfall that would normally reach Forsyth Creek, and modifying dry 

season conditions through the release of water within both Forsyth and Alligator Creek catchments. 

Inundation of the floodplain is influenced by wet and dry season rainfall, flood events and, for the past 10 

years, the release of water from Forsyth Creek Dam in the late dry season. Hydraulic models were created to 

simulate the flow of water through the floodplain under these various conditions. Through these models 

current inundation during a wet season, dry season and from the release of the dam were established.  

A water quality sampling program was implemented between June 2015 and March 2016 to establish the 

baseline water quality across the site and to allow for future assessment of Project construction and operation 

on freshwater water quality. The results of the baseline sampling program showed water quality in the creeks 

on Legune Station was relatively poor and characterised by low dissolved oxygen (i.e. lower than the AWQG), 

high turbidity and high nutrients in the dry and pre-wet seasons. In Forsyth Creek Dam water quality was 

poorest in the pre-wet season, with low dissolved oxygen and higher nutrients at this time.  Water quality in 

the ephemeral wetlands was poor to moderate, and characterised by low dissolved oxygen and high turbidity, 

particularly in the remaining water in the dry season. 

The potential impacts of the Project on floodplain hydrology and freshwater quality were assessed against 

these baseline conditions. The impacts of the Project which have the potential to affect floodplain hydrology 

and freshwater quality were determined to be: modification of existing infrastructure and development of 

Project infrastructure; changes in the operation of Forsyth Creek Dam; vegetation clearing and earthworks; 

release of wastewater; spills of hydrocarbons and other contaminants; waste and litter and reducing cattle 

grazing.  

In regard to floodplain hydrology, modelling shows: 

 Development of the Project will have no impact on typical dry season conditions as it is not altering any dry 

season flow paths or inundated areas. 

 Development of the Project could cause numerous upstream water blockages during the wet season, 

causing a generally increased flood depth and flood extent. However, these impacts will be mitigated 

through the inclusion of culverts, and can be further mitigated through appropriately placed channel 

works. 

 Flow conveyance and drainage infrastructure will be required to ensure the connectivity of storm runoff 

from upstream to the estuarine discharge areas of the Forsyth Creek and Alligator Creek. 

 The effect of ceasing water flow from the annual dry season release of Forsyth Creek Dam is a decrease in 

the extent of surface water for approximately 4 to 8 weeks, and a return to more natural dry season 

conditions. 
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 The inundation extent from an uncontrolled release is considered insignificant when compared to the 

likely flooding conditions during a rainfall event that would cause this degree of overtopping. 

In regard to freshwater quality, given the existing poor water quality of Legune Station and the implementation 

of the mitigation measures outlined below, it is concluded that construction and operation of the Project will 

not further impact the freshwater water quality within the Project Area and its surrounds.  

Mitigation and monitoring measures to minimise the risk of the Project to floodplain hydrology and freshwater 

quality include: 

 the avoidance of freshwater bodies and major drainage lines to the greatest extent practical 

 the use of suitable culvert crossings  to maintain flow paths and avoid changes to flood patterns on the site 

 the development and implementation of an Environmental Management Plan during both construction 

and operation of the Project, including an Erosion and Sediment Control Plan 

 obtaining and complying with a wastewater works design approval 

 storing and disposing of chemicals according to manufacturer's instructions and state and commonwealth 

regulatory requirements  

 maintaining a Hazardous Materials Register 

 storing and handling fuel in accordance with AS1940  

 development and implementation of a Water Quality Monitoring Program. 




